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(54) AXIAL-FLOW TURBINE NOZZLE AND AXIAL-FLOW TURBINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve turbine-stage 
efficiency by circumferentially disposing a plurality of 
nozzles in an annular passage formed between inner and 
outer rings of a nozzle diaphragm such that the nozzles 
are tilted in the circumferential direction of the turbine, 
and specifying an axial distance from the end of the 
trailing blade-edge of the nozzle, i.e., the end at which 
the trailing blade- edge of the nozzle forms an acute 
angle, to the downstream end of a wall. 
SOLUTION: In an annular passage defined between an 
annular inner ring 21 R and an annular outer ring 21 T of a 
nozzle diaphragm, a plurality of nozzles 1 0 are 
successively disposed in the circumferential direction. 
Rotor blades 41 are disposed downstream of the nozzles 
10, thereby forming an axial-flow turbine. A trailing 
blade-edge 12 of each nozzle 10 is circumferentially 
tilted to form an acute angle 0R with a tangent line 23R 
of an inner peripheral wall 20R at an inner end 12R of 
the trailing blade-edge 12. An axial distance LR from the 
inner end 1 2R of the trailing blade-edge 1 2 to a downstream end 22R of the inner peripheral 
wall 20R is larger than an axial distance LT from an outer end 12T of the trailing blade-edge 12 
to a downstream end 22T of an outer peripheral wall. Thus, a fast flow can be retained, whereby 
turbine-stage loss is reduced. 
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(57) 

[sua] »«a^-e>tffl^6n*, u->/x;k 
Htu. Lf*yXJHMo»«fcBiiit*«ttTft«K:i6i; 




i ] / X)i#^ 777A^t^ 

S&tByXJl^ra^lfilCSB&U Z<D/X)U<D/X)VK 
£ ft £ «t 5 KM IB / X;U fcKttiffiKrt <0«#|Sl e m 

^atfitrsB^sgfe u < tt^«ffi<DA*rft w>tt < 1 1> 

-HifiWLft £UZ «fc z> tCmiH2 / X;U&SRtfcffi(8l*i©fl# 

*m s m as y X)in&.w&fr & setse* * t? rottifrrsj 

[&l] 

0.03(90 - 6?) < i/S < {0.03<90-£?)-ea5} 

&SlfcLTfe*«i8St^-tf>yx;u. 

3 3 rnvw y X)v?-< t y v aj*h$ tn-m « 

1filSC^/X;U&«^IfiI»CffiKL. ^ffiJitC^^T/X 

<b t>-^*t«ft sft-r J: -5 tzntrie y x;u^ig^i®gsp^c^ 

kk*jw*, «H2yxjua»aaA^i8iHTaE»*Ta)«i 
;*irhe««u yxjm«»tmaasiffi^-rft«ra, 
y Xjurju©* d - h zst istc £ * . 

[»2] 

0.04(90 - «) < < {0J04<5»0-or)-»-0-3} 

£ftfcLTfc*ttiSS*-tf>yXn'. 
[f»*B4 1 sit#J|t 1 *» 3 ST© wrn** 1 JRICflBtt 

<o««E^-fcf>/x;pftffliAfc«at^-e>. 

[0 0 0 1] 

of5i±$:iao^:#^^-^>yx;u*3ctr/#sst^-br> 

[0 0 0 2] 
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©yx;u*«^iaicBe»urtnfflffi*»ttTai*aK* 

[0003] f^^^^/x;uR^ift^€iiii$-a:m^ 
^±Kii&©x*;i^-K:&&;*i*.5 d<ttf<x*;t^- 

[0 0 0 4] yX;U»«»«:^-lf>©«*l6]tC««** 

20 tfc©y x;u&ra:#ftK*S#3*fc*>©£U->yx;i^ 
yx;u*ra^fSitc^ftS-&fct>05*n>A^>Hg-> 
y x;u£/tte/wyxjufc££OK^ iai6 43«fctfiai 

LAc^T, /X^Srtt^ffilTSSj&^^fcfeWT**. 0 
1 6(a)t£^Lfc, ^^g20Rt^MS20TK>PfltcE^:$ 

nfc y xmwwmm^mmwLii&Lft 9*&teT± a 

JC«^$i3:fcU->yX;Ka)"Ctt. &»12£fl£tti-rs 

8Sn^p«gMi£20Rffl!i(c^W)$-e-s^ffl&i#-Pit«e>. i*u^ 

*fc0 16(b)tt, /X;HO0Sffijffl^S 
I£20T<tl8& 0 t £ft-r«fc 5 'J ->/XM 
^L, ^&12^fiiaiT-5fiiEn€:^|g20Tfi!lC^®i$-ti- 

nfflffi2owifi<z)-^gin€:fl£«-r«a«^* 
a&»ciai 6(cm, yXiHosj^Mfltcaicfc* 

«ti»Cffi^|6l»C«ftS*, rtfflSS20R<!:nfflffi20T«!:-*n 
^n&fc£&T=i>^>h* , J->yX;i'£^U yx 

;us^j&i2€8im-r*isnsr, rtfflKORffltnrai^oT 

[0 0 0 53 ztz, cn6ttiS"j»c^-tr>#€r^trSff 
(tXT> WiBtflp-r*) »c*j^ryx;u&«i^ri6i»c« 

*>£>£X*a — y X;^<f:^I^^^?^ 0 , CtlbW 

Tr«*!Kgeia$n^yx>inooyx^s^i2^^i?20R 

ffllS20R#ifia)ifin&flia»flS-r«f^ffl€»ofca6, 

50 «n20Rifi««)-*iKnffl5fesfi«'r*aa**»^. ^ 
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[0 0 0 6] JSLtfiftfJHLfcJipfc, U->yX;U. 3> 

c j: * *«<c iK »c «t o as? a* «r iri ± a * * 

[0 0 0 7] 

"J — >/X;k n>/\9> h* 'J->/X;U*fc«X+a 

fim&;w&ofc. c©^«ftBii 7*s<t^igi sftfflti 

Ttt^r*. 0 18(a)(t @ 1 6(a)(C^T'J->/X 
;Pft*-lf >Kffi*£^*f(fc€?©»MaT&*. -CDB 
#0) / XM%J XiV?^ 7 7 7 Af*3*&21R*3 «fc WM&21T 

©«<*0>ai&«iK:ffi**-r*iB. -r/c£^^(*i^ig20R*3j: 

tXn«i820TKJ;O®fiKSn*iattjfittfflrtfiB»c. ffilgc 
a>yX;no«r^ifiiJc5iJtt^fi2»:L/tfeo-c*5. /X 
;nocoTSItic^-e>n-^40co^ia.c^mtc«[»!Sn 

ig20Rflitc*3^T. y x;ma»i2ft«twr*8H*ci8 

MJClfil^'5 8an2Rft#^U, S£nft^J^|g20R^OtC^ 

z.cofz&; xiv&mm i a> e. &»i 2*To«^[6nas k 

$t»icu->yx^-cji. i2®tcr^ < 5ftttt2R#£ 
«BSrtic«»-rsrt«ii20R<oaB*tfts-c*o, yx 
Tigia$nrir^c:a;3&t , j->yx;Ko«fi6ft%»a-e- 

/XJl/Tttiai 8<a)Ocfc5lC«»12RT*A^rtfflliT 
88«22R*T©«l^iaiffi«36«jfi^«^^t>. -COig 
^, Sgn«^STfl5tag22R^43tiTfeSfc'i£®^[fiJ^ 
3¥«fiHMrt»ft*l,T*>.&&». rt«ffiT8EM22 
R^ET«t^Til^^JCfS)^-5«tn5R^^LW^{' 

aiu ■ftK4i±«s-cH^aKrt»catA-r*«a)ji»ftff 
yx;uro^j&^^nf«cv^fig^?igrsc:$ns. fds^r 

Mil***. 3^ft3SEU:K:*^»£tt. n^M20Tco 

r<ifi»ft«n*«j[gat#»cj:oTffiffi±c^i;*«s» 

JBjWStSftifiU #*«5feftiaflJS-a:4&«). ^n*>£ 
7jttffifcft*£<T*ij!CH<h&S. rt^S20Rfc 
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[0 0 0 8] zammizw i 6{b)i;^Lfc«t^ftyX 

^©«J&12TTflSfC*5t^T51.M|g20T3&t@^-r^*«^tt 

22TT«tJCTifi8SSB^^SP!ttT*«nST*«^i;, 

[0 0 0 9] 0 1 6 (c)IC^UAc. /X;H0ft 

U->yXJUTtt, 13 1 8(c)tCjK-Tct^fw, f*lJijIg20R 
t^|g20T<O^tC*5tiTig®tC^SlTSifin2R, 2T 

0, «MsftW*BCHfc&*. 
[0 0 10] ifcB17(a)CSlft±5ft, yXJl/gS 
2 £ AASAtMA ft * n - y x;u*e |*j^Ig 
22R0S$^2S^^«-&tC«, HfcKLTttiiK^ft 
T^^n2R75t J *}^|gT^22RCOitT^{C^^T t>¥& 
20 ^iSiaflEjsK^ft WT* - <£ Kid: 0 Ufc 0 . 
*W«22Tj&«ft-r lT * IC tt^«ll#ifi-C»»B A«« 

[0 0 11] (rJ^«£S*{C«J;0, 01 7(b)<7>«fc<5fcy 
X;u^i:^ig^^ft^-r^^^-yX;u{cPbT 

[0 0 12] «£9ite, «±^bfcft*<&tt«L*--fcf> 

yX;KD*jSCftlfc*u ^-e>^i^ifii±i9^ 
«i8S^-t>yxju*«ttf«8S^-e>fta«-ract 
ftgfttir*., 

50 [0013] 

[asft»*-r*fc«>«)#®:] ±^©8»sft»»t-r*fc 
«e>, gt^u 2 fcae«tco%qgjc*5^Ttt, a^oyx 

LT0fiJc$n^>s^ii^i^tc^Sc^yX;pft^^[6itcgB 
SL. ;reoyx;u<z)yx;usf^£rtrasgfcL<ttttffl 
12 £ it ? ft <n '>fc < £ *fftft <h ft e cfc o »c y X;u 

ft^— \±><z>m5mz&mtt&iz%<»\z&^T* -cogs 
40 fc. z\<Dtoti,v>mffi?-x>sX)i'vit. yx)mmm 

^f6l^U<«n^^^^ffifiK^ft^^^nft|g®tCci: 
tf>yX;i/ft}i^T^C<!:*tT$'5). 

[0 0 14] is*JB3Jcaa«fci«w«c*^iTtt. m^(D 
fiiLT«j«sn*»*a»rt»cfflftfl!)yx;uft«^rai 

fCgBISU, Wffi±K*^TyXJUS»S£ffiErtfflSi 
*fctt^«ffi©'>& < t t>-**«*ft ft*T«t a y X 
50 ^Rft^-bf>©«^iajJc««»a-ttfct)a)ic*5t^T. - 
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[0 0 15] 

y x;kd$s i (DHJfi«)^S8*ia i^&05 ic&^siftfE 
X;u&, «E3fe<o«ifiS^-tf>yxju^i^«it^ 

X;^<T7^Art*621R*5j:tJC^21T(OSIt^05fi8SgS 
1 JCffi**"*-*®, Tfcfc£rt«ffi20R*$J:tfttfflffi20Tt;: 

^rfij^^m^iBKLfcfco-c**. /x;no<DT«stc^ 
-tf>D-^40(o«H»c5"mfctttt*n>twi»4i3&»EiB 
$n, c©»a4ijiyx;nooa^ji^ic^-hr>©» 
&^fijtu. yx;u^e>55^"csam-r58SE(*:<z)x^;^- 

^ij6nffl^se«-rsawTyx;n!^i2^^iai»c: 
«ftt*u. yx;m«»rtffl*i2Rc*50iTrtfflffi20R 
w mis 2 3R t © & r ft a* ska 0 r <b ft * cfc 3 tc «f fiK $ n T 

COO 16] 3=fc, f*9«S20R»C*5tt4yX^»*»rt 
^*12R^^rt«ffiTiKiS22R*-C<0#^r6]ffiBajR*. *V 
ffl tC *3 tt * / XJU»«»n« ft 1 ZT*» 6 tt«BTat«S22T 

Coo 17] f ut, ^:T(t H2(oyx;noo^ 

*5tt*P*9«i£20RO)«l823R^>i-rft*«^rrSl^&^.fcft 

h:g££$R, rtMO/X;U»^i&SS8l2R*^l£®TSISS2 
2R£ T (OM^iSlSgfB «Lr £ b re £ * , 

COO 18] 

C&3] 

0X>3(9O-«V) < /S„ ± {003(90-^)1-05} 

j^s^co y x;utt±K© J: o\z; X)i,2i'&m2&ftmmo 

R iflf t Z 43 H T ftffl S 20R t CD ft T ft *t ft (9 r IC ft * <fc z> 

Mj3$\lzm&&h?Ttotfi.2tlT^Z>jt&* mfctwx 

mz±%tem&fcft&&vxMift?*jX)\,n&mfrn 
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frbtemmMm\zmi\ifi&wi?z>. %\z^tz^ \z 

mi 8<a)CDft3fe0>/X;UTtt» /X;UK^^«gl2R 

oT«Jci£ia:^n*rt«i820R<oft$3&tfi^<, asm** 

4ts. l^u *0sg<D/x^jc*5^iTtt, yx^s 
&&ftm&i2R<DTmiz+fr&&2<Dtommintim&t< 

SSK, te^co. ftffllg20 

w m\z*$^Tte* / xjism&mnwnmmoit&ft&te 
•riiftizmmisT^u^tzBb* aimf<ft«9ftt&4i»fl 

ffi20TKffla>5SKnttSS£-&-r. ti£oTSSnat*W^20T 
;PKS»^i8i2T<z)Tfll icffiiS < LT*5 < & 

co 020] S4ti, sX)\,u}<Dtom\z&\,*r % sxji 
n&m2t y x;ma»wffl»i2Rc*5tt*rt«ig20Rco 
20 im2mtfte-?fte*£, yx;u»»»p«g^ssi2RTS£^ 

ttJMM£K«fc0*Wbfc*><oT, *«ittttLii<!:yx;no 

(D»^j0>XD-h<DgSSR<0itUi/$R<D®, 
iO SfcyX;H^«SB»C*stt*^»<S:^Ig(Oftffi0ii^/h 

rtfflffiffl«cisi*O8sn2R^<^0, ;X)\s&&zffitti 
m&temm20RM\z\ftfr5m&j&ft&&*>mi*fr&* 

m&Z'Pte < T £ trtirt^ig20R£«^iaifc«t 0S< s 
*K:tft5te&S'h*fctt*nK:«PUfcu^;ut-r*Lii/SR 

©fgfflSrK*^oT0^U3tt)<Z)At05T**. ^(Dl5 

CO 0 2 1 ] 
40 CSC4] 

CO 0 2 2] *»ffi(B«fltK:*J<,>-Ctt, «En*t|gfflS»C» 

»iT*rt«ffi20Ric-3tiT-e(7)»iaTas«)fi$^±^:s 

#5rc L . «C*3^on^iS20T(DSS «I*I^^20RCD^$ ct- 

a> 6 rtfflig20Rffl^ifi]^ ^ 8sn2Rces-r*ta*e(£« 

50 «-r*C<t*t-C#*fc», S»»MfflJ:r4tttt*- 
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[0 0 2 3] *56W©»2©*jfifi(0^flBt^^T 
B6*»6H8«rffl^TKWr«. ±8BH 1 a* S H 3 <!: 1^ 

07H 0 6SBiK6OyX>fHO€:TS5Effl!l^S^ 
0 8tt/XJHOO)»5»JS:^®2OTflS±Tffl 

CO 0 2 4] #^0m2OHjffic&JBJglc*5^T»i. ^ 
[SIIC^^L. ft^Of&^12T(C:fct>T^ig20T(3 

M23T t w a: r ft a?$fcft e t t ft * «t ? came $ nr n 
[0025] yx;m«»^ffl«si2T^ein«ffi' 

T«E*22T*t?©«li^r6lKI8a.T&, /X^XftftMil 
& rt«ffiT«E«ll22R*-CO«l^raiE«LR J: 0 *>** 

[0026] ti/t, cc-m, B7c;x;no©^ 
tc*5tt^yx;u^m0i2i:, yx;ma»n«i«i2Ttc 

^tt*nM®20T©S»23Wft-rAS:«^ri6]*^^./ift 
£0t (° ) . nMig-ht*5frt*yX;MO<Z)K^J(0^o 

a»22T*-C(D«l^|pIffitt€LTi:Ufc ( k€r, 
[0 0 2 7] 
[ft 5] 

0.03(90-^) £ Zr'S r ± {0.03(90-^)^05} 

[0 0 2 8] WTtcm2CDHificD^CD^^ia^-r 
5. *Hffl«)^fii©/X^tC*5tiTtt, &flk12*tftflfi 
2OTfflfltZ*3tiT^S2OT«h<7)ft-rA^»iA0i^ftSJ: 

^ifii^ifij#<oflan2TAt^u, ttMSffl^tsmfc^Ki 
a*4f^ffl^i;*- cot*, *mmMme>sX)uz 
fcn-o*. /x^««an«*i2T<DT«iic+»&** 
<Bnrai£20Tat&Ksn-o>*fc«>, ffissgB^sjoa* 
6n^§?20T(cr&i^-9^n2T^n^M220T^^u, ^ 

»»-r4ct»ift^&«e), yx;u»ffc»rtraaai2iwrF 

rt^20R«^i220Tct:Clfc@ViCl<»:^jff^b 
[0 0 2 9] 5ttC^Lfc04*5«t^ia5Ji, / 
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^M20Tfflicr6l^-5S£n2TtfiH-rsm*«:te«L, $ 

be rt«fi20Rfi!i<oaj»Ho56ac«fc«6a5fefefi«"r 

ft -5. 

[0 0 3 0] fr\Z. *B9!0>£3<BfSjfi<D0fl8£H9;fc 

^Hiosi^titti'r*. 0 9ti«iat^-tr>o»r 

HI 0ttB9Ett<B/X^£Tffi<l(ia>Sil 
10 TttRI-<DflF-&S:ttU »«Htttt^«l!ni»T*. HI o 

*H*3V^ryX;U»«»120»||13R, 13Ttrt^l£*5ct 
tf*Vfflf£20R, 20TO^H23R, 23T<hftlTft 0 R « 0t£-£- 

yx^»»ii(*i^flS8*5«twrass6i2R 1 i2T^ert^^*s 

<fctmraiTFSSaS22R, 22T£T<Btt2Ffaffif»U. Lt*«, 
H4«t0*S*^K)M«€:ift>t:-r«t'5^«JfiaELfct)OT 
20 -rftt5"6. P*g^U20Rfi(»C*5^TJ±, JX)\>W& 

j^12<D^13Rt(*}^M20RO^23R^ft-rft^#^|6l 
j&> SlfcftftS: 0 R . J X)U1Q<DR&\<Dtomm20R±\Z& 

tt^xp-hg^^SR, yxJU^&^jS8i2R^e»t*q 

[0 0 3 1] 
[St6] 

O.OJ(90-(9,) < Z^fS* £ {0.03(90-^)^0.5} 

50 TfeW«lC. yX;U»«*12O»*13T«t51.«iS20TO« 
tt23Tj0tfcT ft £«2r 161* S Jlfcft«£ 0 t , y XJHOCD 

»^jo^|g20T±^*5W'*^p- hssesi, yx;u 

; »«»n««12T^6«.fflffiTfiK*22T*TO«l*[fiim« 
[0 0 3 2] 

0.03(90 - <V) < ir'^ri {0.03<90 - ^) -i- O-j} 

40 [0033] &>T\z*nm<D&mz&tf*ftm&&wr 

z. WftUfc/XJHO0>ffiMfcfc:<fctk 85(myX;i/R& 
»i2^jfiic*j^r, rtfflii20Rim?¥«#ifiirtrSi*, ft 

^€»sg®^iai*^fl£ti2R.2TAt5e^-r*. co^ntccfc 

US. CO<i:#F*q«|g20Rffll*5j:^SIS20T<M«)-€-n-€ r 
ntC^^T, /X;URttl»Am^J:tfnAI«l12R.12T 
<DTffi\zm&t<tiZMffi<D&2L».u&1a.^£.* ffitl& 

50 ^t^. *&fiT««£lcttffiiffi*E#H<0ifi*&ra 



-5- 



9 

oTfloDm^ic^^TttiftTttofiiirftdij . lt zmiEte 

[0 0 3 4] *&W<D$&4<Dnm<Df&&£isT* 

=?¥m \z&^t/ xjwmijfaizmm u r*3 o y x;u& 
&\z~D^Tm i i *ffl^iTgft^-rs. stasia 70 

1 0'fCtRf»i:^^tttR|-ff^*#l/, SfcHBfclft 

^St^bst^. 01 ncfc^T. yX;no£. yx;ug| 

»8n2£rtraffi20RatfcTfc a« <tte*«fc ? (C«lJ« 

;UK«ai2<!:rt«S20R©^rft aRtClSUT, rt^S20 

R±(oyx;ma»rt«i!in2R^ertfflffiT8S«22R*-c 

20RWteT? £ 1 1 ffi±<Dfim&a* (° ) , /X;HO0>R3»J 
©rtfflI£20RJ:£43tt**n— hg££S«. |*!MI£20RT 
y XJP3S^jgkl^MSffll2R^ & ft J3STdE*S22R0«i;&ffl 
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